I. INTRODUCTION
Kaduna Refining and Petrochemical Company (KRPC) location Kaduna Nigeria was designed and constructed by a Japanese Chemical Engineering Company (CHIYODA). It was commissioned in 1980 as NNPC Refinery Kaduna. Its initial capacity was 100,000 barrels per stream day [BPSD] . As the third Refinery in the country, it was established to cope with the growing demand for petroleum products, especially in the Northern part of the country. The Refinery was designed to process both Nigerian and imported crude oils into fuels and lubes products. The purpose of fluid catalytic cracking unit (FCCU) is to convert heavy distillates into lighter ones. The distillates used are normally heavy gas oil coming from atmospheric and vacuum distillation units. The most widely used cracking units are the catalytic type with a moving catalyst bed of Zeolite -Y as this gives a higher conversion and above all a higher selectivity. The selectivity of the process is due to the particular characteristics of the catalyst. Actual design depends on refiner's operating conditions and product priority.
Analysis of energy losses are of scientific interest and also essential for the efficient utilization of energy resources. The most commonly-used method for analysis of an energy-conversion process is the first law of thermodynamics. However, there is increasing interest in the combined utilization of the first and second laws of thermodynamics, using such concepts as exergy and exergy destruction in order to evaluate the efficiency with which the available energy is consumed. Exergy analysis provides the tool for a clear distinction between unavoidable energy losses to the environment and internal irreversibility in the process (Kopac, 2007) .
Exergy analysis is a methodology for the evaluation of the performance of devices and processes, these involves examining the exergy at different points in a series of energy-conversion steps. With this, efficiencies can be evaluated, and the process steps having the largest losses (i.e., the greatest margin for improvement) can be identified (Rosen, 2004) .
For these reasons, the modern approach to process analysis uses the exergy analysis, which provides a more realistic view of the process and a useful tool for engineering evaluation (Utlu, 2007) . As a matter of fact, many researchers (Szargut et al, 1988) have recommended that exergy analysis be used to aid decision making regarding the allocation of resources (capital, research and development effort, optimization, life cycle analysis, materials, etc.) in place of or in addition to energy analysis (Rosen, 2004) . Due to the relatively high energy cost as a component of a unit production cost, it is necessary for any plant to carry out analysis of energy utilization.
The objective of this work is to analyze FCCU of Kaduna Refining and Petrochemical Company (KRPC) through energy and exergy perspective. Sites of primary energy loss and exergy destruction will be determined. The second law and exergy efficiencies will also be determined.
II. THEORY
The FCCU of KRPC has an installed capacity of(500 kmol/h), located at 16 km Kaduna-Kachia road. It products are gasoline, liquefied petroleum gas, heavy and light naphtha, gases etc. The unit uses (VGO, HGO, and Waxy distillates) as its feed. FCCU feed components are obtained from Crude Distillation Unit (area 1) and Vacuum Distillation Unit (area 2) of KRPC. The feed is heated by a series of heat exchangers. The temperature is further increased by passing it through a furnace to temperature (300-330 0 C) before the riser. This is an arrangement where the feed and the catalyst mixes at the bottom and rises up to the disengager. About 80% of the reaction takes place in the riser. Cracking temperature is between 515-535 0 C depending on unit design and the catalyst being used. The disengager is the final part of the reactor and has the purpose of separating vapours from the catalyst. A group of cyclones are installed inside the disengager (Open system). The vapour flows through the rough cut, smooth cut cyclones and finally to the main fractionator column. The fractionator column receives the superheated vapours from disengager Simulation of FCCU was carried out in order to generate enough data for the analysis. Data such as (streams enthalpy, specific heat capacity, and entropy) were required. Fig. 1 was modified and simulated using Aspen Hysys software version 7.2 using KRPC, FCCU data log sheet (daily mass flow, temperature, and pressure readings). The temperature, pressure, molar flow rates, molar enthalpy, and molar entropy used for the exergy analysis were obtained from the simulation results. The modification involves truncating stripper and fractionator as a unit; heat exchangers are arranged in series as a unit while pumps and other auxiliary equipment were left out. This is presented in Fig. 2 . Table I -II presents FCCU feed properties (obtained from the data log sheet), exergy destruction and efficiency equations. The system ideal work is given by:
IV. RESULTS AND DISCUSSION Table III -V presents exergy analysis of FCCU, second law and exergy efficiency. Fig. 3and Fig. 4 represent pie chart of second law and exergy efficiencies respectively.
The FCCU of KRPC plant was analyzed using the above relations noting that the environment reference temperature and pressure are 25 0 C and 101.3 kPa, respectively. The ideal work was calculated to be (-74.169 MW) which characterized the system as a work producing.
The equipment lost work and percentage ideal work were also determined. It showed that the second law efficiency was (24.77%) appear to be low. This could be as a result of huge losses due to equipment age and inadequate maintenance. The lossesfrom the fractionator columnswas (49.66MW) which is 67% of the entire system lost work.Fractionators are known to be associated with low energy efficiency (Olakunle et al, 2011) .
The calculated exergy efficiency of the FCCU was 61.2% compared to second law efficiency 24.77%. This is an indication that improvement in the quality of heat input would improve the second law efficiency of the unit. The analysis results were determined using equation (1)-(9). In this study, exergy analysis of FCCU of KRPC has been presented. In the considered FCCU, the maximum energy lost was found in the fractionator columns where 67% of the input energy was lost to the environment. Next to it was the energy loss in the condensers where it was found to be 5%, 2.4% for all other components and less than 1% for absorbers. In addition, the calculated second law and exergy efficiencies of the system were 24.77 and 61.20% respectively. The effect of varying the reference environment state on the energy and exergy analysis is highly recommended for the next phase of research.
